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FIG. 1
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FIG. 2
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SHEET THICKNESS DETECTION DEVICE,
SHEET CONVEYING DEVICE, IMAGE
FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet thickness detec-
tion device disposed 1n a sheet conveying path for detecting,
the thickness of a sheet of paper and a sheet conveying
device and an 1mage forming apparatus having the same.

2. Description of the Related Art

Sheet thickness detection devices for detecting the thick-
ness of a sheet of paper as described below have been
available according to the related art.

As shown 1n FIG. 5, there 1s a sheet thickness detecting
sensor 108 for detecting the thickness of a sheet by detecting
the amount of a movement of a movable core 100 moving
in accordance with the thickness of the sheet from a mag-
netic change. The movable core 100 1s provided at one end
of a rotatable lever 104 which 1s urged against a guiding
upper guide 102 for guiding the sheet at another end thereof,
and the movable core 100 moves in accordance with a
displacement of the lever 104 at a time when the sheet passes
through a gap between the guiding upper guide 102 and the
lever 104 (JP-A-2001-199593).

According to this technique, one surface of a sheet 1s 1n
contact with the detection lever 104, and the other surface of
the sheet faces a surface of the guiding guide 102. As a
result, for example, when the sheet has high rigidity and
curls up, a gap 1s generated between the sheet surface and the
surface of the guiding guide 102, and the thickness of the
sheet may be overestimated.

Another detector detects thickness of a sheet of paper
using an optical retlection type displacement sensor (JP-A-
2003-112840).

However, since a sheet of paper has a thickness of about
0.05 to 0.3 mm, 1t has been necessary to use an expensive
sensor for accurate detection.

SUMMARY OF THE INVENTION

It 1s an object of an embodiment of the 1vention to
provide a low-cost sheet thickness detection device capable
of detecting the thickness of a sheet accurately, a sheet
conveying device having the sheet thickness detection
device, and an 1mage forming apparatus.

In order to solve the above-described problem, a sheet
thickness detection device according to the invention 1s a
sheet thickness detection device which 1s provided 1n a sheet
conveying path formed by a pair of conveyance guides
opposite to each other and which detects the thickness of a
sheet conveyed 1n the sheet conveying path. The detector
comprises a pair of levers which are mounted on the pair of
conveyance guides, respectively, and each of which 1is
swingably pivoted at one end thereof to allow opening and
closing motions of another end thereof about the end serving
as a base point, the levers being disposed to allow a sheet to
be mserted 1 a gap between the levers by the opeming
motion of the lever and a swing amount detection umit
provided at the other end of the lever for detecting the
thickness of the sheet by detecting the amount of the swing,
of the levers when the sheet 1s 1nserted.

A sheet conveying device according to the invention
comprises a sheet conveying path formed by first and second
conveyance guides, first and second levers which are pro-
vided and rotatably held so as to sandwich the sheet con-
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2

veying path, a sensor for detecting the distance between the
first and second levers, and a pair of rollers for conveying a
sheet of paper in the sheet conveying path. The conveying
device has a configuration 1 which the first and second
levers rotate 1 the direction of increasing the distance
between them when the sheet passes through them.

An 1mage forming apparatus according to the mvention
comprises an image formation unit for forming a toner
image on a sheet of paper, a sheet conveying path formed by
first and second conveyance guides, first and second levers
which are provided and rotatably held so as to sandwich the
sheet conveying path, a sensor for detecting the distance
between the first and second levers, and a plurality of roller
pairs for conveying the sheet to the image formation unit via
the sheet conveying path. The apparatus has a configuration
in which the first and second levers have a protrusion on
cach of surfaces where the first and second levers face each
other; the protrusions are urged by an elastic member into
contact with each other; and the sheet contacts the protru-
sions to rotate the first and second levers such that the
distance between the first and second levers increases when
the sheet passes through them.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view of an image forming,
apparatus having a sheet thickness detection device accord-
ing to the mvention mounted thereon;

FIG. 2 1s a sectional view showing the neighborhood of
the sheet thickness detection device according to the mven-
tion;

FIG. 3 1s a sectional view of the sheet thickness detection
device according to the invention taken when 1t detects the
thickness of a sheet of paper;

FIG. 4 1s a view of the sheet thickness detection device
detecting the thickness of a sheet of paper taken in the
viewing direction from a conveyance guide toward one of
levers; and

FIG. 5 15 a sectional view showing an example of a sheet
thickness detection device utilizing magnetism according to
the related art.

DESCRIPTION OF THE EMBODIMEN'T

An embodiment of the mvention will now be described
with reference to the drawings.

FIG. 1 1s a schematic sectional view of a sheet conveying
device and an i1mage forming apparatus having a sheet
thickness detection device according to the invention.

A sheet tray 1 1n which a plurality of sheets of paper 2 are
contained one over another 1s removably mounted 1n a lower
part ol an 1image forming apparatus, and the sheets 2 in the
sheet tray 1 are sent out by a pickup roller 3 provided in the
sheet tray 1. The sheets 2 sent out are separated by a feed
roller 4 and a reverse roller 5 1into each individual sheet
which 1s then conveyed by conveying rollers 6 in a sheet
conveying path 7 and 1s temporarily stopped at a registration
roller 8. Any skew of the sheet 1s corrected here, and the
conveyance of the sheet 2 is thereafter resumed in accor-
dance with the timing at which an 1mage 1s generated on an
intermediate transier body 10 by four 1mage generation units
(1mage formation units) 9 (for yellow, magenta, cyan, and
black) when a color image 1s to be formed. After the image
1s transierred onto the sheet 2 by a transfer roller 11, the
sheet 2 15 passed through a fixing device 12 to thermally fix
the transterred image, and the sheet 1s discharged onto a
discharge tray 14 by a discharge roller 13.
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In the case of double-side printing, the sheet 2 1s returned
from a branching portion 15 provided downstream of the
fixing device 12 to the sheet conveying path 7 via double-
side conveying path 16. An image 1s then formed on the
other side of the sheet 2, and the sheet 1s discharged onto the
discharge tray 14.

As shown 1n FIG. 1, the sheet thickness detection device
17 according to the mvention 1s mounted on the path for
conveying the supplied sheet (sheet conveying path) 7
between the registration roller 8 and one pair of the con-
veying rollers 6 provided upstream of the same. There 1s no
particular restriction on the mounting position of the sheet
thickness detection device 17 as long as 1t resides on the
sheet conveying path 7. However, in order to retlect a
detection result 1n an 1image transfer or the like performed on
the sheet of paper whose thickness has been actually
detected, the detector 1s preferably provided as upstream as
possible 1n the sheet conveying path 7, e.g., between the feed
roller 4 and the conveying rollers 6 downstream of the same.
At least erther the feed roller 4 or the conveying rollers 6
corresponds to the roller pairs.

The sheet thickness detection device 17 will now be
described based on FIGS. 2, 3, and 4. FIG. 2 1s a sectional
view showing the sheet thickness detection device 17 of the
present embodiment and the neighborhood thereof. FIG. 3 1s
a sectional view of the sheet thickness detection device 17
taken when 1t detects the thickness of a sheet of paper. FIG.
4 1s a view ol the sheet thickness detection device 17
detecting the thickness of a sheet of paper taken in the
viewing direction from a conveyance guide 19a (a first
conveyance guide) toward a lever 18a. Reference 1s made to
an example 1n which the sheet conveying path 7 1s horizontal
and straight for convenience of description, but the example
does not constitute any limitation.

FIG. 2 shows a state in which there 1s no sheet 2 in the
sheet thickness detection device 17. A pair of levers 18a (a
first lever) and 1856 (a second lever) are swingably pivoted
on the conveyance guides 19a and 196 (the second convey-
ance guide), respectively, at one end thereol with pivot
shafts 20aq and 2056 (swing shafts), and they are disposed so
as to sandwich the sheet conveying path. Contactors 22a and
22b, 1n the form of convex curved surfaces that can be put
in contact with each other, are formed near the centers of
surfaces of the pair of levers 18a and 185 facing each other,
respectively (between the swing shafts and swing amount
detecting portions of the pair of levers when viewed 1n the
longitudinal direction thereof). At least the contactors 22a
and 22b of the pair of levers 18a and 185 are formed from
a low Iriction material such as plastic. The surface of the
levers may be coated with a fluorine type resin. The resultant
structure exhibits low Iriction against a sheet of paper 2
when the sheet 2 1s inserted between the contactors 22a and
22b to detect the thickness of the sheet because the contac-
tors 22a and 22b are formed from a low friction material and
are 1n the form of convex curved surfaces which result 1n
low 1nsertion iriction (they have a semi-circular sectional
shape on a vertical plane substantially in parallel with the
direction in which the sheet 1s conveyed).

Springs (elastic members) 21a and 215 are provided on
back sides of the pair of levers 18a and 185 1n the positions
where the contactors 22a and 226 are formed, the springs
being located on a straight line extending through the centers
of the contactors 22a and 22b. Those springs 21aq and 215
constantly impart a resilient force to the pair of levers 18a
and 185 such that the contactors 22a and 225 contact each
other with a predetermined urging force (in the direction of
making them closer to each other). Although coil springs are
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used as the springs 21a and 215 1n the present embodiment,
the invention 1s not limited to them. Alternative parts may be
used as long as they can impart a resilient force 1n the
direction of making the levers 18a and 185 closer to each
other. For example, a structure may be employed, 1n which
torsion springs are provided on the shaits 20aq and 205.

An optical reflection type displacement sensor (which
corresponds to the swing amount detection unit) 23 1is
mounted on the other end of the lever 18a of the pair of
levers 18a and 185, and a reflective surface 24 for retlecting
light radiated by the optical reflection type displacement
sensor 23 1s formed on the other end of the other lever 185.
That 1s, the lever 18a has a structure in which the shaft 18a
1s provided on one end thereof and the reflection type
displacement sensor 23 1s provided on the other end thereof
and 1n which the contactor 22q 1s disposed between them.
The lever 1856 1s similar to the lever 18a in structure. As
shown 1n FIG. 4, each of the optical reflection type displace-
ment sensors 23 has a light-emitting portion 27 for radiating
light toward the reflective surface 24 and a light-receiving
portion 28 for receiving light retlected from the reflective
surface 24. A signal detected at the optical reflection type
displacement sensor 23 and the retlective surface 24 1s sent
to a thickness determination unit 901 that 1s shown in FIG.
3. The thickness determination unit 901 determines the
thickness of a sheet which has passed through the sheet
conveying path from the signal from the reflection type
optical sensor. The thickness determination unit 901 1is
constituted by, for example, a CPU.

The conveyance guides 19¢ and 196 are formed with
openings 25a and 23b, respectively, substantially in the
middle thereof when viewed 1n the width direction. The light
radiated from the optical reflection type displacement sensor
23 and the retlected light from the reflective surface 24 can
pass through the openings 2354 and 25b. Openmings 25¢ and
235d are also formed on the conveyance guides 19a and 195
in positions different from the openings 235a and 256 and
substantially 1n the middle of the guides when viewed 1n the
width direction thereof. The contactors 22q and 225 protrude
through the openings 25¢ and 254d.

Operations of the present embodiment will now be
described based on FIGS. 3 and 4.

When a sheet 2 which has been conveyed in the sheet
conveying path 7 1s inserted between the contactors 22a and
22b, the gap between the contactors 22q¢ and 226 1s
expanded by a dimension D that 1s the thickness of the sheet.
Then, the levers 18a and 186 swing about the pivot shafits
20a and 206 serving as fulcrums, and the gap between the
other ends of the levers 18a and 186 1s expanded. That 1s, the
levers 18a and 185 are disposed such that they are rotated 1n
the directions of increasing the distance between them when
a sheet passes between them. As a result, the distance from
the light-emitting portion 27 and the light-receiving portion
28 of the optical reflection type displacement sensor 23 to
the reflective surface 24 1s increased, whereby the thickness
of the sheet 1s detected.

The data detected by the optical reflection type sensor 23
1s sent to an arithmetic unit, which 1s not shown, to be
calculated using the expression described below. Specifi-
cally, let us assume that A represents the distance between
the optical reflection type displacement sensor 23 and the
reflective surface 24 when there 1s no sheet between the
contactors 22a and 22b4. Then, the distance between the
optical retlection type displacement sensor 23 and the retlec-
tive surface 24 when a sheet 2 1s inserted between the
contactors 22a and 225 1s represented by A+AA. Let us now
assume that the distance from the pivot shafts 20a and 205
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to the contactors 22a and 225 1s represented by L, and that
the length from the pivot shaits 20a and 205 to the optical
reflection type displacement sensor 23 along the conveying
path 1s represented by L,, as shown in FIG. 2. Then, the
thickness dimension D of the sheet 1s calculated as AAx(L,/
L,).

Since the light from the optical reflection type displace-
ment sensor 23 1s blocked by the sheet 2 as the sheet 2
travels further, 1t can be observed that the sheet 2 has
reached a point beyond the detectable range.

The sensor 23 may also serve as a sensor for detecting the
presence ol a sheet of paper 1n the conveying path.

Depending on the thickness of a sheet of paper deter-
mined as described above, for example, when the thickness
1s greater than a predetermined thickness, the thickness
determination unit 901 may make a change such as a
reduction 1n the processing speed to 1mage forming condi-
tions of the 1mage formation process at the 1image generation
units 9. Further, depending on the thickness of a sheet of
paper determined as described above, for example, when the
thickness 1s greater than a predetermined thickness, the
thickness determination unit 901 may make a change such as
a reduction in the sheet conveying speed of the conveying
rollers 6 to sheet conveying conditions of the feed roller 4
and conveying rollers 6.

While the mvention has been described in detail with
reference to a specific mode of the same, 1t will be apparent
to those skilled in the art that various changes and modifi-
cation may be made as long as they do not depart from the
sprit and scope of the invention.

As described 1n detaill above, the invention makes 1t
possible to provide a low-cost sheet thickness detection
device which has high sheet follow-up capability, has no
influence on the conveyance of a sheet of paper, receives no
influence of vibration and the like when mounted in a central
position of the sheet 1n the width direction thereof, and
allows complicated operations to be avoided when the
conveying path 1s to be opened, and to provide a sheet
conveying device and an image forming apparatus.

What 1s claimed 1s:

1. A sheet thickness detection device which 1s provided 1n
a sheet conveying path formed by a pair of conveyance
guides opposite to each other and which detects the thick-
ness of a sheet conveyed 1n said sheet conveying path, the
sheet thickness detection device comprising:

a pair of levers which are mounted on said pair of
conveyance guides, respectively, and each of which 1s
swingably pivoted at one end thereof to allow opening
and closing motions of another end thereof about said
end serving as a base point, the levers being disposed
to allow a sheet to be mserted 1n a gap between said
levers by the opening motion of said lever; and

a swing amount detection unit provided at the other end
of the lever for detecting the thickness of the sheet by
detecting the amount of the swing of said levers when
the sheet 1s inserted, the swing amount detection unit
comprises an optical sensor, the optical sensor com-
prising a retlection type displacement sensor provided
on one of surfaces of the pair of levers opposite to each
other for projecting light on the other of the opposite
surfaces and for receiving reflected light from the other
of said opposite surfaces.

2. A sheet thickness detection device according to claim

1, wherein said pair of levers have contactors, which can be
put mnto contact with each other, formed on those surfaces
opposite to each other and an elastic member for constantly
urging the pair of levers to press them against each other.
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3. A sheet thickness detection device according to claim
2, wherein said contactors are 1n the form of convex curved
surtaces.

4. A sheet thickness detection device according to claim
3, wherein said elastic member 1s a torsion spring provided
on the swing shait of the pair of levers.

5. A sheet thickness detection device according to claim
2, wherein said contactors are disposed between a swing
shaft for swingably pivoting said levers and said swing
amount detection unit in the longitudinal direction of the
pair of levers.

6. A sheet conveying device comprising:

a sheet conveying path formed by first and second con-

veyance guides;

first and second levers which are provided and rotatably
held so as to sandwich the sheet conveying path;

a sensor configured to detect the distance between the first
and second levers, the sensor 1s a reflection type optical
sensor receiving reflected light which has been emitted
by itsell and reflected by said second lever; and

a pair of rollers for conveying a sheet of paper 1n said
sheet conveying path, wherein said first and second
levers rotate 1n the direction of increasing the distance
between them when the sheet passes through them.

7. A sheet conveying device according to claim 6, wherein
said first lever and second lever each have a protrusion on a
surface of said first lever and second lever opposite to each
other.

8. A sheet conveying device according to claim 7, wherein
said protrusion has a semi-circular sectional shape on a
vertical plane substantially 1n parallel with the direction in
which the sheet 1s conveyed.

9. A sheet conveying device according to claim 6, further

comprising an elastic member configured to urge said {first
and second levers such that said first and second levers are
made closer to each other.

10. A sheet conveying device according to claim 9,
wherein said first lever and second lever each have a
protrusion on a surface of said first lever and second lever
opposite to each other and wherein the protrusions formed
on said first and second lever are urged by said elastic
member such that they contact each other.

11. A sheet conveying device according to claim 10,
wherein said sensor 1s a reflection type optical sensor
provided on one end of the first lever.

12. A sheet conveying device according to claim 10,
having said sensor at one end of said first lever and a rotation
shaft on another end thereof and having said protrusion
between said sensor and said rotation shaft.

13. An 1mage forming apparatus comprising:

an 1mage formation unit that forms a toner image on a
sheet of paper;

a sheet conveying path formed by first and second con-
veyance guides;

first and second levers which are provided and rotatably
held so as to sandwich the sheet conveying path;

a sensor configured to detect the distance between the first
and second levers, the sensor 1s a reflection type optical
sensor receiving reflected light which has been emitted
by itself and reflected by said second lever; and

a plurality of roller pairs that conveys the sheet to said
image formation unit via said sheet conveying path,
wherein:

said first and second levers have a protrusion on each of
surfaces where said first and second levers face each
other; said protrusions are urged by an elastic member
into contact with each other; and
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the sheet contacts said protrusions to rotate said first and
second levers such that the distance between said first
and second levers increases when the sheet passes
through them.

14. An 1image forming apparatus according to claim 13,
having said sensor at one end of said first lever and a rotation
shaft on another end thereof and having said protrusion
between said sensor and said rotation shaft.

15. An 1image forming apparatus according to claim 13,
comprising a thickness determination unit that determines
the thickness of a sheet of paper which has passed through
said sheet conveying path from a signal from said reflection
type optical sensor.

16. An image forming apparatus according to claim 15,
wherein the thickness determination umt changes image
forming conditions at said image formation unit depending
on the determined thickness of the sheet.

17. A method of detecting sheet thickness provided 1n a
sheet conveying path, comprising:

iserting a sheet in a gap between a pair of levers which

are mounted on a pair ol conveyance guides, respec-
tively, by an opening motion of a lever, each lever 1s
swingably pivoted at one end thereof to allow opening
and closing motions of another end thereof about said
end serving as a base point; and

detecting the thickness of the sheet by projecting light

from one lever to the other lever and receiving reflected
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light from the other lever thereby detecting the amount
of swing of said levers when the sheet 1s inserted.

18. A

method of detecting sheet thickness comprising:

detecting a distance between the first and second levers
provided and rotatably held so as to sandwich a sheet
conveying path as a sheet passes between the first and
second levers using a reflection type optical sensor
receiving reflected light which has been emitted by
itsell and reflected by said second lever; and

calculating the sheet thickness based upon the distance.

19. A

method of detecting sheet thickness comprising:

conveying a sheet through a sheet conveying path formed

by :
of t

Irst and second levers having a protrusion on each
hetr surfaces where said first and second levers face

CdcC.

1ncrea

h other;

sing a distance between said first and second levers

as the sheet passes therethrough:;

detecting a distance between the first and second levers
using a reflection type optical sensor recerving reflected

light which has been emitted by itself and reflected by
said second lever; and

calculating the sheet thickness based upon the distance.
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